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Predictive value of sputum cytology

A 60 year old woman non-smoker with bronchial
asthma of 6 years’ duration, treated with
aminophylline, salbutamol, and oral corticosteroids,
was admitted because of increasing dyspnoea and
productive cough. On examination she was in
moderate respiratory distress with inspiratory and
expiratory wheezes. Her chest radiograph was
interpreted as normal. Two consecutive sputum
examinations requested by a junior doctor reveal
“malignant” cells.

There is a general agreement that a finding of malig-
nant cells in the sputum of a person with a normal
chest radiograph warrants fibreoptic bronchoscopy
to locate the malignant tumour with a view to sub-
sequent surgical removal.! 2 This recommendation is
based on the inverse correlation between survival af-
ter surgical treatment of lung cancer and stage of the
tumour. It has been reported that 24-42% of patients
with stage I disease were alive at six years, whereas
only 10% of those with stage II or III survived for five
years.> The best survival figures after surgical re-
section have been reported in symptom free patients
with radiologically occult disease detected by positive
sputum cytology.* 8 Even if we allow for the effect of
“lead time” (whereby a longer survival noted in those
diagnosed earlier is explained by a longer period of
observation of the disease rather than by alteration in
its course) most clinicians would still favour diagnosis
of bronchial carcinoma at the earliest stage possible.

It has been claimed that “exfoliative cytology is a
definitive diagnostic test for lung cancer,”® and that
its accuracy has advanced to the point “that the term
‘exfoliative’ cytology should be replaced by ‘diagnos-
tic’ cytology”.!® Malignant cells have, however, been
found in the sputum in up to 10-3%? of cases in the
absence of lung cancer, mainly among.patients with
pulmonary infections®!' and bronchial asthma.!?
How certain is the diagnosis of lung cancer in a symp-
tomless person with a normal chest radiograph and
malignant cells in the sputum? Or, in other words,
what is the positive predictive value of sputum cyto-
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logy for lung cancer in the absence of other indicators
of malignancy?

The predictive value of a test depends on its re-
liability, sensitivity, and specificity, and on the preva-
lence of the disease in the population from which the
patient is drawn (“pretest probability” or ‘“prior
probability of disease”).!® The reliability of a test is
defined as its precision. A reliable test is one which,
when applied repeatedly to the same specimen or pa-
tient, will produce the same or a similar result. Test
reliability is commonly expressed in terms of its re-
producibility. Test sensitivity is defined as the propor-
tion of persons with a given disease who give a
positive response to the test. The specificity of a test is
defined as the proportion of persons without the dis-
ease who give a negative response to the test. There is
a tendency to confuse test sensitivity with positive
predictive value, which is defined as the proportion of
persons giving a positive response to the test who
have the disease. The term “false positive” rate is
often incorrectly defined as the ratio between false
positive and true positive test results. The correct
definition of a false positive rate is the proportion of
persons without the disease who give a positive re-
sponse to the test. Thus false positive rate = 1 —
specificity.

The following is a review of published data on the
reliability, sensitivity, and specificity of sputum cytol-
ogy for lung cancer, in an attempt to estimate the
positive predictive value of a finding of malignant
cells in the sputum in a symptomless person with a
normal chest radiograph. The pretest probability of
preclinical lung cancer is derived from lung cancer
incidence rates and from estimates of the duration of
the presymptomatic phase of lung cancer.

Reliability of pulmonary cytology

REVERSIBILITY OF ABNORMALITIES IN SPUTUM
CYTOLOGY

The cytological abnormalities of sputum are usually
classified as mild, moderate, and marked atypia, and
positive identification of carcinoma cells.’~7 Studies
have indicated a sequential progression from mild to
moderate and severe atypia, carcinoma in situ, and
invasive cancer.!*”1¢ It is believed that the earlier
stages of this sequence are reversible. Evidence that
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Abnormalities detected in sputum cytological screening programmes of populations at high risk of lung cancer

Number of cases with abnormal cytology by degree of cell atypia

Normal or Moderate Marked Cancer

Author Population at risk mild atypia atypia atypia cells
Frost et al® Male smokers age 45 years or more 4984 169 14 11
Flehinger et al® Male smokers age 45 years or more 4843 28 8 14
Fontana et al’ Male smokers age 45 years or more 10061 24 5 27
Saccomanno ef al'* Smoking uranium miners 1294 745 279 31

Non-smoking uranium miners 877 272 59 0
Hayata et al'® Smokers, age 40 years or more 548 13 2 1
Kotin and Paul'? Asbestos workers 11099 77 8 8
Kobusch et al*® Asbestos workers 700 10 — 4
Band et a/?! Smoking uranium miners 163 36 9 2

Non-smoking uranium miners 36 2 0 1

Smoking non-miners 89 9 1 1

not all cases of moderate atypia end in lung cancer
has been presented in experimental models showing
that vitamin A deficiency induces reversible squa-
mous cell metaplasia’” and in longitudinal studies in
man.!#4”1® Surveys of sputum cytology in popu-
lations at risk of lung cancer have shown that cases of
mild and moderate cell atypia outnumber those with
carcinoma cells in their sputum (table 1). The
differences in prevalence of moderate atypia and can-
cer cells cannot be accounted for by differences in the
length of these stages.! It may therefore be inferred
that in some cases moderate atypia is a reversible
abnormality in sputum cytology.

While mild and moderate degrees of atypia are
thought to be reversible, there is uncertainty about
the reversibility of marked atypia. Saccomanno et
al'* have stated that “while following subjects with
marked atypia it has been observed that very few, if
any, return to milder atypia without subsequently
reverting to marked. This has led us to postulate that
severe atypia may represent an irreversible step in the
progression to carcinoma.” A similar conclusion may
be drawn from the results of the National Cancer In-
stitute Cooperative Early Lung Cancer Detection
Program,*~8 which indicate that marked atypical
cells have a specificity of 99-94% for histologically
proved cancer. On the other hand, it has been
reported that follow up of 10 persons with marked
atypia by repeated cytological examination of the
sputum and selective fibreoptic bronchoscopy every
three months for three years detected cancer in one
case after six months, in another after 13 months, and
in a third after 24 months. The remaining seven
reverted to lesser degrees of atypia during follow up
of 24-72 months.?2

REPRODUCIBILITY OF INTERPRETATION OF
SPUTUM CYTOLOGY

The contradictory observations on the reversibility of
marked atypia are probably related to different pat-
terns of recognition and classification of cytological

abnormalities. Despite repeated efforts to estab-
lish morphological criteria for classification of
atypia,'* 2 experts seem to differ in their inter-
pretation of detected cytological abnormalities. A re-
view of published surveys of sputum cytology in
populations at high risk of lung cancer®~7 1418-21
revealed that the ratio between the numbers of speci-
mens classified as showing marked atypia and those
believed to contain carcinoma cells varied from 0-2:1
to 9:1; the ratio between moderate .atypia and car-
cinoma cells varied from 2:1 to 32:1. Even within the
National Cancer Institute Cooperative Early Lung
Cancer Detection Program,®~7 there were consid-
erable differences in the relative numbers of speci-
mens interpreted as containing cells with moderate
atypia, marked atypia, and carcinoma cells (table 1).

We know of only one study of interobserver re-
producibility in the interpretation of sputum cyto-
logical findings. Evans and Shelley?* asked a panel of
independent experts to reexamine 120 sputum cytol-
ogy slides provided by six hospital centres, and clas-
sify them into the following categories of cell atypia:
1—normal; 2—hyperplasia, squamous metaplasia, or
changes of the order seen in inflammation;
3—dyskaryosis or atypical metaplasia; 4—suggestive
of malignancy; and 5—diagnostic of malignancy.
Each hospital centre that provided the slides was
asked that those originally classified in categories 4
and 5 should have histological or clinical
confirmation or both. The “gold standard” for the
remaining categories of cell atypia was a consensus
diagnosis, reached by discussion among the experts
after each of them had submitted his own diagnosis.
“False positives” were defined as expert diagnoses of
grade 4 or 5 in a slide whose consensus diagnosis was
normal or grade 2. ““False negatives” were expert dia-
gnoses of “normal” or grade 2 in a slide originally
diagnosed by the providing centre as grade 4 or 5. The
results indicated an average false positive rate of
1-3%, an average false negative rate of 5%, and an
overall disagreement on the degree of cell atypia of
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9-3%. Most participating experts reported difficulties
in examining slides prepared by unfamiliar tech-
niques.2*

It is uncertain therefore whether the limited
specificity of lower degrees of atypia is due to reversal
to lesser degrees of atypia or to observer error. The
following analysis is based on the assumption that
mild and moderate atypia are a non-specific response
to irritation, and not a definitive indicator of malig-
nancy. On the other hand, marked atypia and cancer
cells in the sputum are considered as increasingly
more specific indicators of cancer.

Sensitivity and specificity of sputum cytology

We searched publications in English since 1960 for
data from which the specificity or sensitivity of spu-
tum cytology in the diagnosis of lung cancer could be
calculated. A review of 22 articles®~7971125-40 re_
vealed that malignant cells have been found in 28-64°
to 88:9%?2 of patients with hnstologlcally proved can-
cer, and in 0-005%°~7 to 10-3%° of subjects without
lung cancer (table 2).
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The variability of the reported sensitivity values is
probably due to differences in tumour location and
number of repeat sputum specimens examined.
Sensitivity increases with repeated examinations3®
and is highest in tumours located in the main
bronchi.!! 3031373840 The variability in reported
specificity is probably due to interobserver differences

in degrees of cell atypia considered to suggest cancer,

to examination of sputum specimens from patients
with intercurrent benign respiratory disease, and to
ambiguous definition of the “gold standard” of the
presence of malignant tumour.

Various “irritation” forms of the bronchial epi-
thelium may occur in response to pathogens or irri-
tants,?3 and atypical cells have been observed in
sputum from patients with bronchial asthma, bron-
chiectasis, prior radiotherapy, and acute and chronic
respiratory infections.? Jay et al® reported that only
one of their 16 subjects with false positive sputum
cytology continued to shed malignant cells on re-
peated examinations; the remaining 15 were patients
with pneumonia and the malignant cells were no
longer found after recovery. Exclusion of these 15

Table 2  Reported sensitivity and specificity of sputum cytology for lung cancer

Author (reference) Sensitivity (%) Specificity (%)
Koss et al?* 1952-3 87/144 (60-4) 455/456  (99-8)
. I9€9—2650 lggﬁ%g (2;08) 1060/1062 (99-8)
'miker’ -
Allan and Whittlesay?’ 31/40 5776;
Erozan and Frost“ 123/141 (87-2)
Hinson and Kuper?® . 137/229 (59-8) 290/299 (97-0)
After exclusion of cases with transient
respiratory disorders 298/299 (99-7)
Ng and Horak3° Major bronchus 73/84  (86-9)
Segmental 63/76 (82-9)
. _ Peripheral 17/41 (41-5)
Duguid and Huish Main bronchus 50/62  (80-6)
- Peripheral 24/57 (42-1)
Russell et :zll 223/438 (50-9) 2997/3002 (99-8)
Rosa et al Central 155/188 (82-4) 616/619 (99-5)
1o Peripheral 53/110 (48-2)
Yoneyama and Canlas 52/63 (82-5) 482/484  (99-6)
Oswald et al®* " 1209/2035 (59-4)
Cagneten et al’ 144/251 (57-4) 544/546  (99-6)
Early Lung Cancer . Moderate atypia:
Detection Program® 24/108 (22 2) 19804/20001 (99-0)
Marked atyp
16/124 (l2 9) 20001/20012 (99-94)
ey
- 20012/20013 (99-995
ll;edrossmn and Rybka3* 28;50 £56-0; ! ¢ )
Pt o oo Central 501 (304
/91  (60-4)
Paracentral 9/16  (56-3)
8 Peripheral 58/108 (53-7)
Castella et al Central 67/77 (87-0)
Johnston and Bossen?® Peripheral 2§2l’g28 gg g; 9358/9364 (99-94
Clee and Sinclair*® Central 54/86 (62-8) / ( )
Peripheral 8/28 (28-6)
Jay et al® Ceqtral 32/36 (88-9) 139/155 (89-7)
Peripheral 28/33 (84-8)

After exclusion of cases with transient
respiratory disorders

154/155  (99-4)
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false positive results would increase the test specificity
derived from their data to 99-3%. Similarly, Hinson
and Kuper?® reported that among nine false positive
patients only one was found to shed malignant cells in
repeated examinations. Exclusion of the remaining
eight would increase the test specificity in Hinson’s
series to 99-7% (table 2).

Most of the reviewed articles define their gold stan-
dard as histologically diagnosed lung cancer after an
unspecified period of follow up. Several longitudinal
studies, however, have indicated that the time interval
from detection of cancer cells to invasive cancer may
be as long as 14 years,'*” !¢ while the time interval
from marked atypia to invasive cancer may be even
longer. It is uncertain therefore whether the reported
false positives were indeed cases in which malignant
cells were found in the absence of lung cancer, or
whether they were true positives erroneously labelled
as false positives because of insufficient follow up.

Prevalence of lung cancer

The third piece of information necessary for the deter-
mination of the predictive value of a test is the preva-
lence of the disease in the population from which the
patient is drawn (“pretest probability” or ‘“prior
probability of disease™).!® Since data on lung cancer
prevalence are not available, this variable is estimated
by applying the formula: prevalence = incidence x
average duration.*!

INCIDENCE OF LUNG CANCER

Age and sex specific annual lung cancer incidence
rates in Israel were drawn from the Israel Central
Cancer Registry.*? The relative risk of lung cancer is
about 5-0 for persons who smoke 10 cigarettes a day,
10-0 for those who smoke 20 cigarettes a day, and
20-30 for smokers of 40 or more cigarettes a day.*> A
study among US veterans has also shown an 11 fold
increase in risk of lung cancer among smokers.** The
estimated incidence of lung cancer in smokers and
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non-smokers in table 3 is based on the findings of a
recent survey of Israeli adults, showing that 39-5% of
men and 23-7% of women are current cigarette smok-
ers,** and on the assumptions that (a) for all smokers
the relative risk of lung cancer is 10-0 and (b) the
prevalence of smoking is the same for all age groups.

AVERAGE DURATION OF THE DETECTABLE
PRECLINICAL PHASE OF LUNG CANCER
The prevalence rate needed for the calculation of the
predictive value of sputum cytology in a person with-
out signs or symptoms of lung cancer is the prevalence
of detectable preclinical rather than of clinical lung
cancer. The detectable preclinical phase of lung can-
cer is a segment of the natural history of the disease
during which the malignant growth causes no symp-
toms, but its presence can be detected by the applica-
tion of a special diagnostic test. We do not know how
long, on the average, lung cancers are both asymp-
tomatic and yet also detectable, since cancers detected
in the preclinical phase are treated immediately and
not followed expectantly to await the development of
symptoms. Nevertheless, the duration of the de-
tectable preclinical phase of lung cancer can be esti-
mated by the use of theoretical models based on rates
of tumour growth, and the unique data reported by
Saccomanno et a/'*!% in uranium miners.
According to theoretical models,* a tumour grows
exponentially from a single cell at a constant doubling
rate. This assumption predicts that a single cell of
10 um will develop into a tumour of 1 mm in diameter
after its volume has doubled 20 times, into a tumour
of lcm after a further 10 doublings, and into a
tumour of 10cm (weighing 1kg) after a further 10
doublings. Follow up measurements of lung tumour
diameters by serial chest radiographs has suggested a
doubling time of 88 days in squamous cell cancer, 161
days for adenocarcinoma, and 29 days for small cell
cancer.*¢ Although comprising only 33-64% of all
histological types of lung cancer,? squamous cell
tumour is essentially the only histological cell type

Table 3 Age and sex specific annual incidence rates (per 100 000 population) of cancer of the lung and bronchi by smoking

habit*

Annual incidence per 100 000 population

Men Women
Age (y) All Non-smokers  Smokers All Non-smokers ~ Smokers
50-54 48-1 7-2 110-6 16-6 1-8 63-7
55-59 84-9 12-8 195-4 333 40 1277
60-64 110-2 16:6 2536 31-8 3-8 122:0
65-69 1769 266 407-1 50-2 6-0 192:6
70-74 247-6 372 569-8 60-9 7-3 233:6
75 + 283-1 42-5 651-6 80-5 9-6 308-8

*These figures apply to Israel and are compiled from references 42 and 45. They are based on the assumptions that (a) the relative risk for lung
cancer in all smokers is 10-0 and (b) the incidence of smoking in all age groups is 39-:5% for men and 23-7% for women.
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Table 4 Distribution of histological types of radiologically occult lung cancer detected by pulmonary cytology (numbers with

percentages in parentheses)

Squamous cell Large cell Oat cell Not

Author carcinoma Adenocarcinoma carcinoma carcinoma classified Total

Mitchell et al*” 7 (58) 0 0 2(17) 3(25) 12 (100)
Frost et al® 11 (100) 0 0 0 0 11 (100)
Flehinger et al® 9 (100) 0 0 0 0 9 (100)
Fontana et al’ 15 (88) 0 2(12) 0 0 17 (100)
Hyata et al'® 27 (84) 4(13) 0 1 3) 0 32(100)
Nassiel et al*® 23 (88) 3(12) 0 0 0 26 (100)
Cortese et al*® 54 (100) 0 0 0 0 54 (100)
Martini et al*° 43 (93) 3 (M 0 0 0 46 (100)

detectable by sputum cytology in subjects with nor-
mal chest radiographs (table 4). Squamous cell cancer
often originates centrally and grows as a thin sheet
replacing the mucosa, thus escaping radiographic
detection but readily shedding malignant cells into the
sputum.® For squamous cell cancer, the duration of
the total preclinical phase—that is, from the first cell
division to the earliest possible radiograph diagnosis
(1 cm tumour diameter) is 7-2 years (30 doublings); to
the time of usual diagnosis (3 cm tumour diameter) it
is 8-4 years (35 doublings); and to death (10cm in
tumour diameter) it is 9-6 years (40 doublings).

We do not know the minimum tumour size needed
to shed malignant cells into the sputum. Assuming
that exfoliation of malignant cells begins when the
tumour has a 1 mm diameter, it would take 10 doub-
lings or 2-4 additional years to reach the minimum
detectable size by chest radiograph (1cm). On the
assumption that exfoliation begins when the tumour
consists of 1000 cells only, it would take 20 doublings,
or 4-8 years, for the tumour to reach the minimum
detectable size radiographically.

There have been sporadic studies of persons in
whom the transition from marked atypia to histologi-
cally confirmed lung cancer occurred after a delay of
from 6 months to 14 years.!® 22 These reports indicate
that the duration of the detectable preclinical phase of
lung cancer is highly variable, probably because of
differences in tumour growth rates. We know of only
one systematic cytological follow up of a high risk
population from which the duration of the detectable
preclinical phase of lung cancer can be estimated. In
their initial’* and updated' report, Saccomanno et al
described the follow up of 38 uranium miners who
developed invasive squamous cell lung cancer after an
average duration of mild atypia of 2-8 years, of mod-
erate atypia of 4-2 years, of marked atypia of 1-2
years, and of carcinoma in situ of 3-26 years. If we
define the detectable presymptomatic phase of lung
cancer as the period during which cells with marked
atypia or carcinoma cells are shed by a symptomless
person with a normal chest radiograph, then the lead
time from detection of cells with marked atypia to
invasive cancer calculated from these data is 4-48

years, while the average interval from first detection
of carcinoma cells to tumour detection is 3:26 years.
These values are consistent with those deduced from
the theoretical model above.

Positive predictive value of sputum cytology

Additional studies are needed to define better the re-
liability of sputum cytology and the false positive rate
relative to an undisputed gold standard. We consider,
however, that our survey of published data justifies
the following assumptions as a basis for an estimate
of the probability of lung cancer in a 60 year old non-
smoking woman with bronchial asthma and a normal
chest radiograph. The assumptions were deliberately
biased towards an overestimate of the probability of
lung cancer.

(1) The risk of cancer in a smoker is 10 times that of
a non-smoker.*3 44

(2) The risk of lung cancer in a patient with bron-
chial asthma is the same as that in patients of the
same sex, age, and smoking habit without bronchial
asthma.

(3) The sensitivity of sputum cytology for lung can-
cer is 88:9%.°

(4) The specificity of sputum cytology is 99-94% for
marked atypia and 99-99% for carcinoma cells.®~’
(5) The duration of the detectable preclinical phase
of squamous cell lung cancer is 3-26 years from de-
tection of cancer cells and 4-48 years from detection
of cells with marked atypia in the sputum.*$

(6) Reported limitations of the reproducibility of
sputum cytological findings2* are ignored.

(7) A repeated finding of malignant cells in the spu-
tum excludes the possibility that the cytological ab-
normality is due to a transient response to irritation in
a subject with bronchial asthma.® 2°

CALCULATION OF POSITIVE PREDICTIVE

VALUE OF SPUTUM CYTOLOGY

Before the cytological examination, the patient de-
scribed in the introduction to this paper had no mani-
festations that would increase the likelihood of lung
cancer beyond that expected from the prevalence of
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Table S Two by two table showing calculation of positive
predictive value of sputum cytology based on sensitivity of
88-9%, specificity of 99-94%, and pretest probability
(prevalence) of 17-0/100 000 in a hypothetical test population
of 100 000 persons

Disease state:

Preclinical

lung cancer Not cancer Total
Positive 151 60-0 751
Cytology
results:
Negative 19 99923-0 99924-9
Total 17-0 99983-0 100 000-0

the disease in her age group of non-smokers. There-
fore, at any time, in a hypothetical population of
100 000 non-smoking 60 year old women, there would
be 17-0 cases of detectable preclinical lung cancer
(the prevalence rate). Thus, the pretest probability of
lung cancer would be 17-0/100000 (obtained by
multiplying the incidence rate in a non-smoking 60
year old woman, 3-8/100000 (table 3), by the esti-
mated duration of detectable preclinical disease from
exfoliation of cells with marked atypia to detection of
lung cancer—4-48 years). The remainder of the popu-
lation, 99 983 women, would not have detectable pre-
clinical disease. If we assume the highest reported
sensitivity of sputum cytology (88-9%), 15-1 of the 17
cases would have positive test results (88:9% of 17-0
= 15-1). The remaining 1-9 women with disease
would have negative results (the “false negatives”).
Similarly, if we assume the highest reported specificity
of cells with marked atypia (99-94%), then 99923 of
the 99983 subjects (that is, 99-:94% of 99 983) would
have negative results, and the remaining 60 subjects
without disease would have positive results (the “false
positives™). These relationships are shown in table 5.

The positive predictive value, which is defined as
the proportion of all positive responders who actually
have disease, is then calculated by dividing the 15-1
true positives by the total number of positives, 75-1;
the result is 0-201. The meaning of this result in the
clinical situation is that there is a 20-1% likelihood
that a non-smoking 60 year old woman with positive
sputum cytological findings actually has lung cancer.

If carcinoma cells (rather than markedly atypical
cells) were found in her sputum, a finding with the still
higher specificity of 99-99,% =7 the likelihood of cancer
would be 52:6%. On the other hand, a male smoker of
the same age with cancer cells in the sputum would
have an estimated pretest probability of detectable
preclinical lung cancer of 836-9/100 000 (253-6 x 3-3),

and in such a case the positive predictive value of*

malignant cells in the sputum would be 98-7%.
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IMPLICATIONS FOR SCREENING FOR LUNG
CANCER

Exfoliative sputum cytology is not a definitive diag-
nostic test for lung cancer. As in the case of all diag-
nostic aids, its positive predictive value depends not
only on its sensitivity and specificity but also on the
pretest probability of the disease. As in all other tests,
when the pretest likelihood of disease is low, a posi-
tive result is not particularly helpful in confirming the
disease, since the false positive results outnumber true
positives. On the other hand, in a high risk population
a finding of even moderate atypia might have a strong
positive predictive value for lung cancer. The decision
on whether or not to do a cytological examination of
the sputum should be based on the prior estimate of
the likelihood of lung cancer given the patient’s risk
indicators, symptoms, and signs.

Should this middle aged, non-smoking woman with
bronchial asthma have had her sputum examined cy-
tologically to detect early pulmonary cancer? The re-
sults of recent studies do not provide definitive and
conclusive evidence that early diagnosis of lung can-
cer reduces the mortality from this disease.>! >3 The
inverse correlation between survival after surgical re-
section of lung cancer and stage of the tumour may be
due merely to lead time or sampling biases.® Screen-
ing for lung cancer therefore is not specifically recom-
mended unless performed in the context of an
experimental trial.>* What is the threshold of the pre-
test probability of presymptomatic lung cancer that
would justify screening by sputum cytology in such
trials? We have no ready answer to this question. The
decision should be based on the trade off between the
possible (but so far unproved) benefit from early sur-
gical resection of lung cancer and the cost of screening
plus harm inflicted on patients with false positive re-
sults in terms of anxiety, morbidity, and mortality
from subsequent examinations and surgery. As with
every other test, cytological examination of the
sputum should be undertaken—both in the setting of
a screening trial and in diagnostic investigation of
individuals—only if its estimated positive predictive
value is considered sufficiently high for a positive
result to bring about a change in the patient’s
management. JOCHANAN BENBASSAT

Department of Medicine
Hadassah University Hospital at Mount Scopus
ARIEH REGEV

Hadassah Medical School
(medical student)

Hebrew University
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